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ment regardless of whether the punishment is shock, loss of 
money, or loss of points (11, 15, 16).

Passive avoidance learning tasks are particularly infor-
mative, as both electrophysiologic and lesion studies map 
its neural basis, implicating the amygdala, orbitofrontal 
cortex, and striatum (17–21). In addition, a functional 
magnetic resonance imaging (fMRI) study of a passive 
avoidance task has confi rmed the importance of these 
regions in healthy human adults (22). It is argued that the 
amygdala allows the formation of stimulus-reinforcement 
associations, determining which of the stimuli are “good” 
and which “bad,” and that this information is fed forward 
as reinforcement expectations to the orbitofrontal cor-
tex (19–21), potentially via the ventral striatum (23). The 
orbitofrontal cortex is critical for the representation of this 
reinforcement-expectation information, thereby facilitat-
ing successful decision making (24, 25). The orbitofrontal 
cortex and caudate are also critical for error prediction, 
which facilitates learning of reward or punishment con-
tingencies (26–28). The detection of prediction errors 

Youths with conduct disorder and oppositional defi -
ant disorder show high rates of aggressive and antisocial 
behaviors (1). A subset of these youths also display cal-
lousness and psychopathic traits, including lack of guilt, 
empathy, and remorse (2, 3). This subset of youths is at 
highest risk for recurrent antisocial acts and future crimi-
nal behaviors (3–6). While psychopathic traits are detect-
able early in childhood and persist into adulthood (7), 
little is known about the pathophysiology (8–10).

The presence of psychopathic traits has long been linked 
to problems in emotional learning (11, 12). Specifi cally, it 
has been argued that these traits refl ect impairment in 
stimulus-reinforcement learning and in decision making 
(13, 14). An early task indexing this impairment was the 
passive avoidance task (11, 15, 16). Passive avoidance tasks 
require participants to learn to respond to (i.e., approach) 
stimuli that engender reward and refrain from responding 
to (i.e., passively avoid) stimuli that engender punishment. 
Adults and youths with psychopathic traits show a defi cient 
capability to learn to avoid the stimuli that predict punish-
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Objective: Dysfunction in the amygdala 
and orbitofrontal cortex has been report-
ed in youths and adults with psychopathic 
traits. The specifi c nature of the function-
al irregularities within these structures 
remains poorly understood. The authors 
used a passive avoidance task to examine 
the responsiveness of these systems to 
early stimulus-reinforcement exposure, 
when prediction errors are greatest and 
learning maximized, and to reward in 
youths with psychopathic traits and com-
parison youths.

Method: While performing the passive 
avoidance learning task, 15 youths with 
conduct disorder or oppositional defi ant 
disorder plus a high level of psychopathic 
traits and 15 healthy subjects completed 
a 3.0-T fMRI scan.

Results: Relative to the comparison 
youths, the youths with a disruptive be-
havior disorder plus psychopathic traits 
showed less orbitofrontal responsiveness 

both to early stimulus-reinforcement ex-
posure and to rewards, as well as less 
caudate response to early stimulus-rein-
forcement exposure. There were no group 
differences in amygdala responsiveness to 
these two task measures, but amygdala re-
sponsiveness throughout the task was low-
er in the youths with psychopathic traits.

Conclusions: Compromised sensitivity 
to early reinforcement information in the 
orbitofrontal cortex and caudate and to 
reward outcome information in the orbi-
tofrontal cortex of youths with conduct dis-
order or oppositional defi ant disorder plus 
psychopathic traits suggests that the inte-
grated functioning of the amygdala, cau-
date, and orbitofrontal cortex may be dis-
rupted. This provides a functional neural 
basis for why such youths are more likely 
to repeat disadvantageous decisions. New 
treatment possibilities are raised, as phar-
macologic modulations of serotonin and 
dopamine can affect this form of learning.

Disrupted Reinforcement Signaling in the Orbitofrontal 
Cortex and Caudate in Youths With Conduct Disorder or 

Oppositional Defi ant Disorder and a High Level 
of Psychopathic Traits
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unexpected reinforcements (26–28). We predicted, however, 
that this initial heightened responding to early trials would 
not be seen in the subjects with conduct disorder or oppo-
sitional defi ant disorder plus psychopathic traits, at least 
within the orbitofrontal cortex. Our second hypothesis was 
that the signaling associated with reward and punishment 
outcomes would be abnormal in this group. Several studies 
have documented heightened responses to rewarded rela-
tive to punished outcomes within the amygdala, orbitofron-
tal cortex, and striatum during decision making (23, 24, 31). 
We predicted that this heightened responding to rewarded 
outcomes would be seen only in the healthy youths and not 
in those with conduct disorder or oppositional defi ant disor-
der plus psychopathic traits.

Method

Participants

Thirty youths participated in this study: 15 youths with psy-
chopathic traits and either conduct disorder or oppositional defi -
ant disorder and 15 healthy comparison youths (Table 1). Youths 
were recruited from the community through newspaper ads, fl i-
ers, and referrals from mental health practitioners in the area. 
Statements of informed assent and consent were obtained from 
the participating children and parents. This study was approved 
by the institutional review board of the National Institute of Men-
tal Health.

All youths and parents completed the Schedule for Affective Dis-
orders and Schizophrenia for School-Age Children—Present and 
Lifetime Version (K-SADS-PL) (33) with an experienced clinician 
trained and supervised by expert child psychiatrists, with good 
interrater reliability (kappa higher than 0.75 for all diagnoses). IQ 
was assessed with the Wechsler Abbreviated Scale of Intelligence 
(two-subtest form). The exclusion criteria were pervasive develop-
mental disorder, Tourette’s syndrome, depression, bipolar disorder, 
generalized, social, or separation anxiety disorder, posttraumatic 
stress disorder, neurologic disorder, lifetime history of psychosis, 
history of head trauma, and an IQ under 80. In addition, the par-
ents also completed the Antisocial Process Screening Device (32), a 
measure of psychopathic traits. Youths meeting the K-SADS-PL cri-
teria for conduct disorder or oppositional defi ant disorder who had 
scores of 20 or higher on the Antisocial Process Screening Device 
returned to complete the Psychopathy Checklist: Youth Version (5). 
Youths scoring 20 or higher on this instrument were included in the 

prompts enhanced reinforcement-based learning (29). 
These prediction errors are maximal after the individual’s 
fi rst exposure to the cue and reinforcement but rapidly 
lessen (unless the reinforcement contingency changes) as 
the individual develops an expectation of the reinforce-
ment associated with the cue (29).

Originally, the defi cits shown by individuals with psycho-
pathic traits on passive avoidance tasks were attributed to less 
processing of punishment information (11). However, work 
has shown that individuals with psychopathic traits appro-
priately use punishment information to modify responses 
immediately following an error. Instead, it is argued that the 
defi cits arise from impairment in the formation and use of 
stimulus-reinforcement associations in decision making 
(30). The individual with psychopathic traits is less able to 
use reinforcement information to change his or her repre-
sentation of the outcome associated with the response and 
consequently is less able to use reinforcement expectancies 
to guide behavior (13). A defi cit in stimulus-reinforcement 
processing is thought to result from dysfunction in the inte-
grated functioning of the amygdala and orbitofrontal cortex 
(13). In line with this model, recent fMRI work has indicated 
less amygdala responding and less amygdala-orbitofrontal 
cortex functional connectivity in response to fearful expres-
sions in youths with psychopathic traits than in comparison 
subjects (8, 9). Moreover, anomalous neural responses in the 
orbitofrontal cortex to reversal errors have also been identi-
fi ed in this population (10).

The goal of the current study was to assess the nature of 
the functional irregularities within the amygdala, orbito-
frontal cortex, and striatum of youths with conduct disorder 
or oppositional defi ant disorder plus psychopathic traits. 
Specifi cally, the study tested three hypotheses. First, we 
hypothesized that early reinforcement processing would be 
abnormal in these youths. For initial exposures to reinforced 
outcomes, prediction errors are high; the participant has no 
reinforcement expectancy associated with the stimulus, and 
thus all reinforcement received is unexpected (29). Healthy 
individuals show marked increases in activity, particularly 
within the orbitofrontal cortex and striatum, in response to 

TABLE 1. Characteristics of Youths With Conduct Disorder or Oppositional Defi ant Disorder Plus Psychopathic Traits and 
Healthy Youths

Characteristic
Youths With Conduct Disorder or Oppositional 

Defi ant Disorder Plus Psychopathic Traits (N=15) Healthy Comparison Group (N=15)

Mean SD Mean SD
Age (years)  14.1  1.8  13.2  1.1
IQa 100.3 10.5 108.2 14.6
Scores on pediatric psychopathy scales
 Antisocial Process Screening Device (32)  28.9  4.0   6.9  4.1
 Psychopathy Checklist: Youth Version (5)  24.7  3.1 —

N % N %
Male sex  9 60 9 60
DSM-IV diagnoses (current)
 Conduct disorder  9 60 0  0
 Oppositional defi ant disorder  6 40 0  0
 Attention defi cit hyperactivity disorder 10 67 0  0
a Assessed with the Wechsler Abbreviated Scale of Intelligence (two-subtest form).
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to learn about. Trials began with the presentation for 1,100 msec 
of one of these eight stimuli (Snodgrass line drawings [39] on a 
black background). Button press responses to four of the stimuli 
engendered a reward (“You WIN 100 points”). Button presses in 
response to the other four stimuli engendered punishment (“You 
LOSE 100 points”). If no response was made, a fi xation cross was 
presented in lieu of reinforcement. The reinforcement phase (re-
ward, punishment, or fi xation cross) lasted for 1,000 msec. Fol-
lowing this, there was a 200-msec fi xation cross before the com-
mencement of the next trial. The participant’s goal was to win as 
many points as possible; the subject had to learn to respond to 
the stimuli engendering reward and withhold from responding to 
the stimuli engendering punishment.

The stimuli were presented in random order once per block 
for eight acquisition blocks. After the eight acquisition blocks, 
the reinforcement value associated with one-half of the stimuli 
changed (this extinction component of the study will be con-
sidered in a separate article). Within each block of eight stimuli, 
there were an additional four fi xation point trials (with 2,300 
msec of the fi xation point) to serve as a baseline. Each of the fMRI 
runs contained a different set of eight stimuli.

Each participant completed a brief practice session and then 
four runs of the task in a scanner. Four versions of the task were 
developed to counterbalance the reinforcements associated with 
each of the stimuli. The task version and run order were random-
ized across participants.

MRI Characteristics

During task performance the participants were scanned with a 
3.0-T GE Signa scanner (GE Healthcare Systems, Fairfi eld, Conn.). 
A total of 189 functional images per run were taken with a gradi-
ent echo planar imaging (EPI) sequence, with a repetition time of 
2,300 msec, echo time of 23 msec, 64×64 matrix, fl ip angle of 90°, 

psychopathic traits group; those scoring less than 20 were excluded 
from the study. The comparison subjects did not meet the criteria 
for any K-SADS-PL diagnosis and scored below 20 on the Antisocial 
Process Screening Device.

Clinical Measures

Antisocial Process Screening Device. This is a 20-item par-
ent-completed rating of callous-unemotional traits and conduct 
and impulsivity problems (32), designed to detect antisocial pro-
cesses in youths. A three-factor structure has been characterized 
and comprises the following dimensions: callous/unemotional, 
narcissism, and impulsivity (32). There is no established cutoff 
score for classifi cation of a high level of psychopathic traits (32, 
34, 35). For research purposes, studies of adolescents have used 
a cutoff score of 20 (8, 10, 36), median splits (higher than 11 for 
males, 9 for females) (37), or percentile rankings (top one-third, 
score above 18) (35). Following our previous work (8, 10), we used 
a score of 20 or higher in this study. All of the healthy comparison 
subjects scored less than 15 on this measure.

Psychopathy Checklist: Youth Version. This is a 20-item rat-
ing scale for assessing interpersonal, affective, and behavioral 
features related to psychopathic traits in adolescents (5). It is 
based on a semistructured interview and collateral information. 
A score of 20 or higher was used to defi ne the group with high 
levels of psychopathic traits (8, 10), as there are no standard cutoff 
scores for classifying youths on this measure to date (5).

The fMRI passive avoidance task. A modifi ed version of the 
previously reported fMRI passive avoidance task was used (Figure 
1) (22, 38). The characteristics of the task were equivalent to those 
used in a previous study (38) with the exception that eight stim-
uli, rather than 12, were presented in each fMRI run. Each of the 
four runs involved a new set of eight stimuli for the participant 

FIGURE 1. Passive Avoidance Learning Taska
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a Participants received the following instructions: “In this task, you are going to be presented with a series of images. Some of these images 
are good and will gain you points if you press the button when they are showing. Some are bad and will lose you points if you press the 
button when they are showing. If you do nothing you will neither gain nor lose points. Your goal is to win as many points as you can.” Four 
types of events were possible. Event A demonstrates a correct hit: the participant is presented with a stimulus (key) associated with reward. 
Upon responding to this stimulus with a mouse click (“approach”), the participant is presented with positive feedback. Event B represents 
an omission error: upon presentation of a stimulus associated with reward, the participant does not make any response (“avoidance”). 
A fi xation cross is presented during the feedback interval. Event C shows a commission error: a stimulus (dresser) associated with punishment 
is presented, and the participant responds with a mouse click, resulting in the display of negative feedback. Event D demonstrates correct 
passive avoidance: the participant refrains from responding to a stimulus associated with punishment, and a fi xation cross is presented dur-
ing the feedback interval.



REINFORCEMENT SIGNALING IN YOUTHS WITH PSYCHOPATHY

4       ajp.psychiatryonline.org AJP in Advance

fMRI Data Analysis

The group analysis of the BOLD data was then performed on the 
regression coeffi cients from the analyses for the individual sub-
jects by means of a 2×2×2 analysis of variance (ANOVA). The three 
variables were diagnosis (psychopathic traits versus comparison 
subjects), response type (correct hits versus commission errors), 
and learning phase (early [block 1] versus late [blocks 2–8]). The 
initial probability threshold was set at p<0.005 (corrected at 
p<0.05 for multiple comparisons). Extent-threshold correction 
for multiple comparisons was done by using the AlphaSim pro-
gram in AFNI. Average percentage signal change was measured 
within each signifi cant cluster of 547 mm3 or greater. Post hoc 
analysis of signifi cant interactions was performed with planned 
ANOVAs within SPSS (SPSS, Chicago).

Results

Behavioral Results

There were no signifi cant group differences in age or IQ 
(Table 1). The 2×2×2 analysis of group differences in omis-
sion and commission errors revealed the expected inter-
action of diagnosis, learning phase, and error type (F=4.6, 
df=1, 28, p<0.05). The youths with conduct disorder or 
oppositional defi ant disorder plus psychopathic traits made 
signifi cantly more commission errors than the comparison 
subjects during the late learning phase (F=5.4, df=1, 28, 
p<0.05) (Figure 2); the mean numbers of commission errors 
per block in the early phase were 3.31 (SD=0.39) and 3.65 
(SD=0.62), respectively, and during the late phase the mean 
numbers were 1.15 (SD=0.79) and 0.05 (SD=0.23). There 
was also a signifi cant interaction of diagnosis and learning 
phase (F=10.5, df=1, 28, p<0.005); the youths with psycho-
pathic traits made signifi cantly more errors during the late 
learning phase than the comparison subjects (F=7.4, df=1, 
28, p<0.01). There was no main effect of diagnosis.

fMRI Results

The goal of the current study was to assess the nature 
of the functional irregularities within the amygdala, orbi-
tofrontal cortex, and striatum in youths with conduct dis-
order or oppositional defi ant disorder plus psychopathic 
traits during passive avoidance learning. We examined 
this issue through a 2×2×2 ANOVA conducted on the 
BOLD response data, with diagnosis (conduct disorder 
or oppositional defi ant disorder plus psychopathic traits 
versus comparison subjects), learning phase (early or late: 
block 1 versus blocks 2–8), and response type (commis-
sion error versus correct hit) (Table 2). The key interac-
tions with respect to our predictions (diagnosis-by-phase 
and diagnosis-by-response interactions) and the main 
effect of diagnosis are described in the following to pro-
vide results for the test of our a priori hypotheses. No 
signifi cant fi nding occurred for the three-way diagnosis-
by-phase-by-response interaction.

Our fi rst interaction of interest, the diagnosis-by-phase 
interaction, examined whether the youths with conduct 
disorder or oppositional defi ant disorder plus psycho-
pathic traits showed atypical BOLD responses during 

and 24-cm fi eld of view. Whole-brain coverage was obtained with 
34 axial slices (thickness, 3.3 mm). A high-resolution anatomical 
scan (three-dimensional fast spoiled gradient echo sequence; 
repetition time=6 msec, echo time=2.5 msec, fi eld of view=24 
cm, fl ip angle=12°, 124 axial slices, thickness=1.0 mm, 224×224 
matrix) in register with the EPI data set and covering the whole 
brain was obtained.

Imaging Data Preprocessing

Imaging data were preprocessed and analyzed with AFNI 
software (40). At the individual level, functional images from 
the fi rst fi ve volumes of each run, collected before equilibrium 
magnetization was reached, were discarded. Functional images 
from the four time series were motion corrected and spatially 
smoothed with a 6-mm full-width half-maximum Gaussian 
fi lter. The time series were normalized by dividing the signal 
intensity of a voxel at each time point by the mean signal inten-
sity of that voxel for each run and multiplying the result by 100. 
The resultant regression coeffi cient represented a percentage 
signal change from the mean.

Following this, regressors characterizing the trial and response 
types were generated: correct hits (responses to stimuli asso-
ciated with reward), commission errors (responses to stimuli 
associated with punishment), correct avoidances (no response 
to stimuli associated with punishment), and omission errors (no 
response to stimuli associated with reward). To examine differen-
tial responsiveness to initial exposures, as opposed to later learn-
ing, we evaluated neural responses during the exposures to the 
stimulus-reinforcement associations in block 1 in comparison to 
exposures in blocks 2–8.

All regressors were created by convolving the train of stimulus 
events with a gamma-variate hemodynamic response function 
to account for the slow hemodynamic response. Linear regres-
sion modeling was performed by using the aforementioned 
regressors plus regressors to model a fi rst-order baseline drift 
function. This produced a beta coeffi cient and associated t sta-
tistic for each voxel and regressor. In accordance with fi ndings 
that normalization of brain volumes from age 7–8 years onward 
does not introduce major age-related distortions in localiza-
tion or time course of the blood-oxygen-level-dependent 
(BOLD) signal in event-related fMRI (41, 42), the participants’ 
anatomical scans were individually registered to the Talaraich 
and Tournoux atlas (43). The individuals’ functional imaging 
data were then registered to their Talaraich-fi t anatomical scans 
within AFNI.

“Meghan” is a 14-year-old girl with a history of 

disruptive behaviors since the age of 5. Her parents 

report that despite being a bright and charming child, 

she has a long history of delinquent behaviors, includ-

ing shoplifting expensive items, joyriding alone in her 

parents’ car, threatening her little sister with a knife, 

and promiscuous sexual behavior. Her parents describe 

her as completely self-centered, extremely manipula-

tive, and a pathologic liar. She does not demonstrate 

empathy for her family and according to her parents, 

shows no remorse or guilt for her actions. Meghan 

describes herself as popular and smart and able to get 

A’s in school when she wants to. However, according to 

her parents she receives mainly C’s and D’s on her 

report card and has had no significant friendships.

Patient Perspective: A Youth With Conduct Disorder Plus a 
High Level of Psychopathic Traits
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with conduct disorder or oppositional defi ant disorder 
plus psychopathic traits than in the comparison subjects.

Discussion

The goal of the current study was to assess the nature 
of the irregularities within the amygdala, orbitofrontal 
cortex, and striatum in youths with conduct disorder or 
oppositional defi ant disorder plus psychopathic traits 
during passive avoidance learning. Specifi cally, this study 
examined group differences in neural responses to two 
features critical to emotional learning: the level of expe-
rience with the stimulus (early versus late trials) and the 
type of response and reinforcement (rewarded correct 
responses versus punished incorrect responses). The 
results revealed that the youths with psychopathic traits, 
relative to healthy youths, showed signifi cantly less activ-
ity within the orbitofrontal cortex and caudate in response 

early trial learning. In line with predictions, signifi cant 
diagnosis-by-phase interactions were observed within the 
orbitofrontal cortex and the caudate (although not within 
the amygdala). In addition, signifi cant diagnosis-by-phase 
interactions were seen in a network of attentional regions, 
including the inferior frontal cortex, middle frontal gyrus, 
and inferior parietal lobule (Table 2). In all the regions 
identifi ed by this interaction, the comparison subjects 
showed greater activity during the early, but not late, trials 
relative to the youths with a disruptive behavior disorder 
plus psychopathic traits. Findings for the orbitofrontal 
cortex (Brodmann’s area 11) (early: t=3.2, df=28, p<0.005; 
late: n.s.) and the caudate (early: t=4.2, df=28, p<0.001; 
late: n.s.) are shown in Figure 3.

Our second interaction of interest, the diagnosis-by-
response type interaction, examined whether the youths 
with a behavior disorder plus psychopathic traits showed 
atypical BOLD responses to rewarded correct hits rela-
tive to the responses to punished commission errors. 
Signifi cant diagnosis-by-response type interactions were 
observed within an anterior region of the orbitofrontal 
cortex, middle frontal gyrus, and parahippocampal gyrus 
(Table 2). Within the orbitofrontal cortex, the youths 
with psychopathic traits showed less activation dur-
ing rewarded correct hits than the comparison subjects 
(F=4.6, df=1, 29, p<0.05) (Figure 4), while the responses 
during punished commission errors were comparable 
(F<1.0, df=1, 29, p=0.82). In contrast, in the left middle 
frontal and right parahippocampal gyrus, the compari-
son subjects showed greater activation during commis-
sion errors than did the youths with a behavior disorder 
plus psychopathic traits (left middle frontal gyrus: F=14.2, 
df=1, 29, p<0.001; right parahippocampal gyrus: F=5.4, 
df=1, 29, p<0.05), while activation during correct hits was 
comparable in the two groups (F<1.0, df=1, 29).

In addition, there was a signifi cant main effect of diag-
nosis within the amygdala, caudate, insula, and a network 
of regions implicated in attention processes, including the 
dorsolateral prefrontal cortex and parietal cortex (Table 2, 
fi gure in online data supplement). In all of these regions, 
the youths with a behavior disorder plus psychopathic 
traits showed signifi cantly less activation than the com-
parison subjects.

To account for possible effects of medication use on 
the BOLD responses, the preceding analysis was repeated 
without the seven youths in the group with psychopathic 
traits who were taking medication and their seven age- 
and IQ-matched comparison subjects. The preceding 
effects of interest were replicated. Thus, the diagnosis-by-
phase interaction was replicated in the middle orbitofron-
tal cortex; the group with psychopathic traits showed less 
early activation than the comparison subjects. Similarly, 
the diagnosis-by-response type interaction was observed 
in the orbitofrontal cortex. Moreover, the main effects of 
diagnosis in the amygdala, caudate, and dorsolateral pre-
frontal cortex again revealed less activation in the youths 

FIGURE 2. Performance on a Passive Avoidance Learning 
Task by 15 Youths With Conduct Disorder or Oppositional 
Defi ant Disorder Plus Psychopathic Traits and 15 Healthy 
Youthsa
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a The youths with psychopathic traits made signifi cantly more errors 
in the late blocks (blocks 2–8) compared with the healthy youths.
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reinforcements (mediated by the orbitofrontal cortex and 
caudate) serve to initiate rapid stimulus-reinforcement 
learning in the amygdala. As learning progresses, more 
accurate reinforcement expectancies are fed from the 
amygdala to the orbitofrontal cortex, where their repre-
sentation allows successful decision making to occur, ini-
tiating approaches to objects associated with reward and 
avoidance of those associated with punishment. In indi-
viduals with high levels of psychopathic traits, defi cits in 
prediction error signaling lead to slower and weaker stim-
ulus-reinforcement learning, which in turn leads to weaker 
and less accurate reinforcement expectancies being fed 
forward to the orbitofrontal cortex. Individuals become 
progressively less accurate in their decisions relative 
to comparison individuals because they are less able to 

to early exposures to reinforced outcomes. Moreover, in 
response to rewarded correct responses, the group with 
psychopathic traits showed signifi cantly less activity 
within the orbitofrontal cortex than did the comparison 
youths. These task measures did not reveal group differ-
ences within the amygdala, although the group with psy-
chopathic traits had generally lower activity within this 
region across the task.

Impairments in passive avoidance have been repeatedly 
reported in individuals with psychopathic traits (11, 15, 16, 
44). Our model of passive avoidance learning and its dys-
function in individuals with psychopathic traits is highly 
infl uenced by the work of Schoenbaum, Gallagher, and col-
leagues (19, 45, 46). In essence, we assume that in healthy 
individuals prediction errors in response to unexpected 

  TABLE 2. Brain Regions Demonstrating Differential BOLD Responses During Acquisition of Passive Avoidance Learning in 
15 Youths With Conduct Disorder or Oppositional Defi ant Disorder Plus Psychopathic Traits and 15 Healthy Youths

Coordinates of Peak Activationc

Regiona,b Left/Right
Brodmann’s 

Areaa x y z F (df=1, 28)
Volume 
(mm3)

Diagnosis-by-phase interactions
 Orbitofrontal cortex Right 11 23 36 –13 14.4 675
 Middle frontal gyrus Left 10 –32 41 25 24.0 3,834
 Superior frontal gyrus Left  8 –17 46 44 15.5 4,863

Left  6 –29 –4 45 15.2 1,269
 Inferior frontal gyrus Right 46 50 38 11 17.7 3,942

Left 44 –59 13 20 14.4 1,836
 Inferior parietal lobule Left  7 –41 –69 45 16.8 3,159
 Middle temporal gyrus Right 39 47 –58 10 18.9 2,808

Right 21 44 3 –33 21.0 2,106
 Middle temporal/angular gyrus Left 39 –50 –54 3 19.4 8,289
 Caudate Left –2 16 13 13.3 1,458
 Cerebellum Left –4 –50 –25 27.6 7,371
Diagnosis-by-response type interactionsd

 Orbitofrontal cortex Right 10 5 64 –8 12.3 162
 Middle frontal gyrus Left  8 –44 12 49 13.6 486
 Parahippocampal gyrus Right 37 35 –41 –10 11.9 216
Main effect of diagnosis
 Superior frontal gyrus Right  6 11 26 66 17.4 2,538

Left  6 –8 1 68 17.3 6,183
Right  6 47 2 49 18.5 1,701
Right  6 37 14 66 15.8 1,269

 Medial frontal gyrus Right  8 11 27 43 13.2 1,134
 Middle frontal gyrus Left 10 –35 47 28 12.3 1,350
 Inferior frontal gyrus/insula Right 44 44 13 13 12.6 945
 Insula Left 13 –41 14 0 14.6 2,295
 Superior parietal lobule Left  7 –35 –72 45 18.7 5,508
 Superior temporal gyrus Left 22 –53 –33 4 20.5 7,992
 Middle temporal gyrus Right 39 44 –64 19 16.5 4,482
 Lingual gyrus Left 18 –20 –88 –13 14.1 1,890
 Fusiform gyrus Right 19 32 –81 –20 23.8 13,041
 Amygdala Right 20 –10 –26 10.7 216
 Caudate Left –8 7 16 16.8 12,204
 Thalamus/pulvinar Right 5 –30 8 13.9 1,026
a According to the Talairach Daemon atlas (http://www.nitrc.org/projects/tal-daemon/).
b All regions initially exceeded the threshold of p<0.005. Regions with volumes of 547 mm3 or more survived whole-brain correction for mul-

tiple comparisons (p<0.05).
c Based on the standard brain template of the Montreal Neurological Institute (MNI).
d The response types compared were commission errors versus correct hits.
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FIGURE 3. Diagnosis-by-Phase Interaction in Activation in the Orbitofrontal Cortex and Caudate During a Passive Avoid-
ance Learning Task in 15 Youths With Conduct Disorder or Oppositional Defi ant Disorder Plus Psychopathic Traits and 
15 Healthy Youthsa
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a The early phase was defi ned as block 1; the late phase was defi ned as blocks 2–8. In both regions, the youths with one of the behavior dis-
orders plus psychopathic traits had less mean BOLD activation during the early learning phase in comparison to the healthy youths.

FIGURE 4. Diagnosis-by-Response Type Interaction in Activation in the Frontopolar Orbitofrontal Cortexa During a Passive 
Avoidance Learning Task in 15 Youths With Conduct Disorder or Oppositional Defi ant Disorder Plus Psychopathic Traits and 
15 Healthy Youthsb
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a Brodmann’s area 10.
b In comparison to the healthy youths, those with psychopathic traits showed less activation during rewarded responses.
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traits (56). A recent study of healthy adults focused on 
the nucleus accumbens and found that individuals scor-
ing higher on the impulsive aggressivity components of 
the Psychopathic Traits Inventory had greater pharmaco-
logically triggered dopamine release and greater activity 
in response to reward (57). Although intriguing results, 
these data were somewhat inconsistent with those from 
the only previous study of which we are aware that showed 
ventral striatal abnormalities in adults meeting criteria for 
psychopathy (54). This latter study showed lower ventral 
striatum activity in response to emotional stimuli in the 
adults with psychopathy—albeit in response to a very dif-
ferent task. The current study also did not identify any 
regions demonstrating greater activity during rewarding 
trials in the youths with psychopathic traits. These differ-
ences may refl ect the hypothesized distinction between 
individuals showing heightened aggressive impulsivity in 
the absence of the core callous traits of psychopathy (who 
are believed to demonstrate heightened limbic respon-
siveness [14]) and those who do show these core callous 
traits (who show low limbic responsiveness).

The dorsal anterior cingulate cortex has been impli-
cated in confl ict monitoring (58) and the use of error sig-
nals and the integration of reinforcement history to select 
between competing responses (59, 60). The current study 
was not designed to distinguish between these models. 
However, it is important to note that the signifi cant main 
effect of response type, i.e., commission error versus cor-
rect hit, identifi ed in this region (see table in online data 
supplement) was not modulated by a main effect of group 
or a group-by-response type interaction. These data sug-
gest that the responses of the dorsal anterior cingulate 
cortex to the confl ict initiated by punishment/error feed-
back remain intact in youths with conduct disorder or 
oppositional defi ant disorder plus psychopathic traits. 
Notably, this replicates prior results in similar subjects 
during a reversal learning paradigm, where both groups 
showed appropriate recruitment of the dorsal anterior 
cingulate cortex in response to punished reversal errors 
(10). In contrast, functional (10) and now structural (56) 
abnormalities have been reported in these populations in 
the dorsal striatum (caudate), indicating that abnormali-
ties in reward processing may arise from defi cits in the 
amygdala-insula-orbitofrontal-caudate circuit.

The main effect of diagnosis revealed reduced activa-
tion in several brain regions in the youths with psycho-
pathic traits. This could indicate less engagement with 
the task. In contrast, the regions showing a main effect of 
response type  and phase (i.e., regions where both groups 
showed appropriate responses as a function of task mea-
sures) include the dorsal anterior cingulate cortex and 
inferior frontal cortex/anterior insula. It is important to 
note that these data suggest that an engagement explana-
tion appears unsatisfactory, as there is no reason why less 
task engagement would lead to appropriate recruitment 
of systems necessary for response change but selectively 

represent the reward expectancy value associated with the 
presented stimulus and respond accordingly (13).

Previous work has indicated dysfunction of the orbito-
frontal cortex in individuals with psychopathic traits (47, 
48). The current study extends this by providing informa-
tion on the nature of the functional impairment. In line 
with the model, youths with conduct disorder or opposi-
tional defi ant disorder plus psychopathic traits, relative 
to comparison youths, showed signifi cantly lower orbi-
tofrontal cortex responses during early trial learning and 
to rewarded responses. The fi rst of these fi ndings is com-
patible with the suggestion of disrupted prediction error 
signaling in the orbitofrontal cortex in the youths with 
psychopathic traits (see reference 28). Prediction errors 
are maximal after the individual’s fi rst exposure to the rela-
tionship between the cue and the reinforcement but rap-
idly lessen as the individual develops an expectation of the 
reinforcement associated with the cue (29). In this regard 
it is notable that we have previously documented lower 
orbitofrontal cortex responses, relative to those in com-
parison groups, to unexpected failures to receive rewards 
in children with conduct disorder or oppositional defi ant 
disorder plus psychopathic traits (10). The fi nding of lower 
orbitofrontal cortex responses to rewarded responses is 
consistent with the suggestion that this population is less 
able to represent reward expectancy values. As such, these 
data are consistent with results from a previous study 
examining youths with conduct disorder, undifferentiated 
by psychopathic traits (49). This study also showed lower 
responsiveness to reward outcome information within the 
orbitofrontal cortex in the youths with conduct disorder.

Neurobiological accounts of psychopathic traits (13, 50, 
51) have neglected consideration of the caudate (and for 
that matter, the ventral tegmental area and ventral stria-
tum), despite the critical role of these regions in predic-
tion error signaling and/or reinforcement-based learning 
(26, 27, 52). Part of this likely refl ects the choice of cogni-
tive functions examined in the majority of previous fMRI 
work with youths or adults with psychopathic traits, i.e., 
expression processing (8, 9, 53), emotional memory (54), 
and moral reasoning (55). However, the current study 
revealed lower responsiveness in the caudate (but not the 
ventral tegmental area or ventral striatum) to early rein-
forced outcomes relative to later trials in the youths with 
psychopathic traits. This is compatible with the sugges-
tion of disrupted prediction error signaling in the caudate 
in youths with conduct disorder or oppositional defi ant 
disorder plus psychopathic traits. Indeed, it is notable that 
the only previous study examining operant responding 
in individuals with psychopathic traits also showed dys-
functional responding to reversal errors in the caudate but 
not ventral striatum among children with conduct disor-
der or oppositional defi ant disorder plus psychopathic 
traits (10). This pattern is echoed by recent structural MRI 
work also indicating selective structural abnormalities 
within the dorsal striatum in adults with psychopathic 
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quent trial (63), and an interesting behavioral approach 
might be to train youths to direct their attention to explicitly 
form predictions about the expected reward from a particu-
lar action and to explicitly attend to the difference between 
their verbalized prediction and the actual outcome for both 
advantageous and disadvantageous actions.

In summary, the current data support previous sugges-
tions of dysfunction in the amygdala and orbitofrontal 
cortex in youths with conduct disorder or oppositional 
defi ant disorder plus psychopathic traits. More impor-
tant, they indicate that such individuals are marked by a 
compromised sensitivity to early reinforcement informa-
tion in both the orbitofrontal cortex and caudate and to 
reward outcome information within the orbitofrontal cor-
tex. In conjunction with established models of stimulus-
reinforcement instrumental learning, they suggest that 
the integrated functioning of the amygdala, caudate, and 
orbitofrontal cortex may be disrupted in individuals with 
conduct disorder or oppositional defi ant disorder plus 
psychopathic traits.

Received Jan. 27, 2010; revisions received May 19 and July 29, 2010; 
accepted Aug. 26, 2010 (doi: 10.1176/appi.ajp.2010.10010129). 
From the Department of Clinical Neurological Sciences, Schulich 
School of Medicine, University of Western Ontario; the Mood and 
Anxiety Program, NIMH, Bethesda, Md.; and the Department of 
Psychology, Georgetown University, Washington, D.C. Address corre-
spondence and reprint requests to Dr. Finger, Department of Clinical 
Neurological Sciences, University of Western Ontario, B10-004, 339 
Windermere Rd., London, ON N6A 5A5, Canada; elizabeth.fi nger@
lhsc.on.ca (e-mail).

The authors report no fi nancial relationships with commercial in-
terests.

Supported by the NIMH Intramural Research Program and by 
sponsorship of Ms. Ng by the School of Psychiatry, University of New 
South Wales, Sydney, Australia.

References

1. Turgay A: Aggression and disruptive behavior disorders in chil-
dren and adolescents. Expert Rev Neurother 2004; 4:623–632

2. Barry CT, Frick PJ, DeShazo TM, McCoy MG, Ellis M, Loney BR: 
The importance of callous-unemotional traits for extending 
the concept of psychopathy to children. J Abnorm Psychol 
2000; 109:335–340

3. Frick PJ, Cornell AH, Barry CT, Bodin SD, Dane HE: Callous- 
unemotional traits and conduct problems in the prediction 
of conduct problem severity, aggression, and self-report delin-
quency. J Abnorm Child Psychol 2003; 31:457–470

4. Dadds MR, Fraser J, Frost A, Hawes DJ: Disentangling the un-
derlying dimensions of psychopathy and conduct problems in 
childhood: a community study. J Consult Clin Psychol 2005; 
73:400–410

5. Forth AE, Kosson DS, Hare RD: The Psychopathy Checklist: 
Youth Version. Toronto, Multi-Health Systems, 2003

6. Rowe R, Maughan B, Moran P, Ford T, Briskman J, Goodman R: 
The role of callous and unemotional traits in the diagnosis of 
conduct disorder. J Child Psychol Psychiatry 2010; 51:688–695

7. Lynam DR, Caspi A, Moffi tt TE, Loeber R, Stouthamer-Loeber 
M: Longitudinal evidence that psychopathy scores in early ado-
lescence predict adult psychopathy. J Abnorm Psychol 2007; 
116:155–165

less recruitment of regions implicated in decision making 
based on stimulus reinforcement.

One caveat of the present study is that although there 
were high rates of comorbidity of attention defi cit hyper-
activity disorder (ADHD) with conduct disorder and 
oppositional defi ant disorder, we did not include a second 
ADHD comparison group in the current study because 
neither of our previous studies indicated that youths with 
ADHD have pathophysiology in the amygdala or orbi-
tofrontal cortex, although this was seen in children with 
conduct disorder or oppositional defi ant disorder plus 
psychopathic traits (8, 10). Rubia and colleagues have 
shown dysfunction in orbitofrontal cortex reward sig-
naling in youths with conduct disorder who do not have 
ADHD but not in youths with ADHD (49). Second, the 
youths with conduct disorder or oppositional defi ant dis-
order plus psychopathic traits made signifi cantly more 
commission errors during the late learning phase, which 
could produce stronger parameter estimates for late com-
mission errors for this group. However, it should be noted 
that the groups differed not in BOLD responses to late 
commission errors but, rather, in responses during early 
trials and in responses to rewarded correct hits.

In short, the current results are highly compatible with 
developmental models of conduct disorder with psycho-
pathic traits that stress that this disorder refl ects a fun-
damental disruption in the neural systems necessary for 
appropriate decision making in regard to stimulus rein-
forcement (14). Problems in this basic form of emotional 
learning will create diffi culties for the child in socializing; 
the child will be less likely to “learn from his or her mis-
takes.” Moreover, children will learn from emotional feed-
back more slowly—this is notable in the present study both 
in the behavioral data and in the lower sensitivity within 
both the orbitofrontal cortex and the caudate to early rein-
forcement information. Appropriate representation of such 
information is critical for rapid, early emotional learning. 
In addition, the dysfunction in the signaling of reinforce-
ment outcomes in the orbitofrontal cortex, documented 
in this study, will be associated with poor decision mak-
ing. This will lead to the selection of nonoptimal behavioral 
choices (actions that harm others and actions that are likely 
to result in individuals being frustrated and potentially 
reactively aggressive because they do not meet their goals).

These data have clear treatment implications. Specifi -
cally, they suggest that the development of pharmacologic 
or behavioral therapeutic approaches that augment the 
capacity to make decisions based on stimulus reinforce-
ment may enable youths with high levels of psychopathic 
traits to overcome their functional defi ciencies. In this 
regard, it is notable that both serotonergic (61) and dopami-
nergic (62) manipulations infl uence the performance of the 
task described in this study as well as its neural substrates. 
Moreover, a recent report indicated that prediction error 
signaling in the amygdala facilitates learning by increasing 
orienting and attention to the stimulus during the subse-



REINFORCEMENT SIGNALING IN YOUTHS WITH PSYCHOPATHY

10       ajp.psychiatryonline.org AJP in Advance

caudate nucleus during stimulus-action-reward association 
learning. J Neurophysiol 2006; 95:948–959

28. O’Doherty JP, Dayan P, Friston K, Critchley H, Dolan RJ: Tempo-
ral difference models and reward-related learning in the hu-
man brain. Neuron 2003; 38:329–337

29. Rescorla RA, Wagner AR: A theory of Pavlovian conditioning: 
variations in the effectiveness of reinforcement and nonrein-
forcement, in Classical Conditioning II. Edited by Black AH, Prok-
asy WF. New York, Appleton-Century-Crofts, 1972, pp 64–99

30. Budhani S, Richell RA, Blair RJ: Impaired reversal but intact ac-
quisition: probabilistic response reversal defi cits in adult indi-
viduals with psychopathy. J Abnorm Psychol 2006; 115:552–558

31. Schultz W, Preuschoff K, Camerer C, Hsu M, Fiorillo CD, Tobler 
PN, Bossaerts P: Explicit neural signals refl ecting reward uncer-
tainty. Philos Trans R Soc Lond B Biol Sci 2008; 363:3801–3811

32. Frick PJ, Hare RD: The Antisocial Process Screening Device. 
Toronto, Multi-Health Systems, 2001

33. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, 
Williamson D, Ryan N: Schedule for Affective Disorders and 
Schizophrenia for School-Age Children—Present and Lifetime 
Version (K-SADS-PL): initial reliability and validity data. J Am 
Acad Child Adolesc Psychiatry 1997; 36:980–988

34. Edens JF, Skeem JL, Cruise KR, Cauffman E: Assessment of “ju-
venile psychopathy” and its association with violence: a critical 
review. Behav Sci Law 2001; 19:53–80

35. Murrie DC, Cornell DG: Psychopathy screening of incarcerated 
juveniles: a comparison of measures. Psychol Assess 2002; 
14:390–396

36. Budhani S, Blair RJ: Response reversal and children with psy-
chopathic tendencies: success is a function of salience of con-
tingency change. J Child Psychol Psychiatry 2005; 46:972–981

37. Vitale JE, Newman JP, Bates JE, Goodnight J, Dodge KA, Pettit 
GS: Defi cient behavioral inhibition and anomalous selective 
attention in a community sample of adolescents with psycho-
pathic traits and low-anxiety traits. J Abnorm Child Psychol 
2005; 33:461–470

38. Finger EC, Mitchell DGV, Jones M, Blair RJR: Dissociable roles 
of medial orbital frontal cortex in human operant extinction 
learning. Neuroimage 2008; 43:748–755

39. Snodgrass JG, Vanderwart M: A standardized set of 260 pic-
tures: norms for name agreement, image agreement, famil-
iarity, and visual complexity. J Exp Psychol Hum Learn 1980; 
6:174–215

40. Cox RW: AFNI: software for analysis and visualization of func-
tional magnetic resonance neuroimages. Comput Biomed Res 
1996; 29:162–173

41. Kang HC, Burgund ED, Lugar HM, Petersen SE, Schlaggar BL: 
Comparison of functional activation foci in children and adults 
using a common stereotactic space. Neuroimage 2003; 19:16–28

42. Burgund ED, Kang HC, Kelly JE, Buckner RL, Snyder AZ, Peter-
sen SE, Schlaggar BL: The feasibility of a common stereotactic 
space for children and adults in fMRI studies of development. 
Neuroimage 2002; 17:184–200

43. Talairach J, Tournoux P: Co-Planar Stereotaxic Atlas of the Hu-
man Brain. New York, Thieme Medical, 1988

44. Blair RJR, Mitchell DGV, Leonard A, Budhani S, Peschardt KS, 
Newman C: Passive avoidance learning in individuals with psy-
chopathy: modulation by reward but not by punishment. Pers 
Individ Dif 2004; 37:1179–1192

45. Schoenbaum G, Chiba AA, Gallagher M: Neural encoding in or-
bitofrontal cortex and basolateral amygdala during olfactory 
discrimination learning. J Neurosci 1999; 19:1876–1884

46. Schoenbaum G, Setlow B, Saddoris MP, Gallagher M: Encoding 
predicted outcome and acquired value in orbitofrontal cortex 
during cue sampling depends upon input from basolateral 
amygdala. Neuron 2003; 39:855–867

8. Marsh AA, Finger EC, Mitchell DGV, Reid ME, Sims C, Kosson DS, 
Towbin KE, Leibenluft E, Pine DS, Blair RJR: Reduced amygdala 
response to fearful expressions in children and adolescents 
with callous-unemotional traits and disruptive behavior disor-
ders. Am J Psychiatry 2008; 165:712–720

9. Jones AP, Laurens KR, Herba CM, Barker GJ, Viding E: Amygdala 
hypoactivity to fearful faces in boys with conduct problems and 
callous-unemotional traits. Am J Psychiatry 2009; 166:95–102

10. Finger EC, Marsh AA, Mitchell DG, Reid ME, Sims C, Budhani S, 
Kosson DS, Chen G, Towbin KE, Leibenluft E, Pine DS, Blair JR: 
Abnormal ventromedial prefrontal cortex function in children 
with psychopathic traits during reversal learning. Arch Gen 
Psychiatry 2008; 65:586–594

11. Lykken DT: A study of anxiety in the sociopathic personality. 
J Abnorm Soc Psychol 1957; 55:6–10

12. Hare RD: Psychopathy: Theory and Research. New York, John 
Wiley & Sons, 1970

13. Blair RJR: The amygdala and ventromedial prefrontal cortex in 
morality and psychopathy. Trends Cogn Sci 2007; 11:387–392

14. Blair RJR: Dysfunctions of medial and lateral orbitofrontal cor-
tex in psychopathy. Ann NY Acad Sci 2007; 1121:461–479

15. Newman JP, Kosson DS: Passive avoidance learning in psy-
chopathic and nonpsychopathic offenders. J Abnorm Psychol 
1986; 95:252–256

16. Newman JP, Widom CS, Nathan S: Passive avoidance in syn-
dromes of disinhibition: psychopathy and extraversion. J Pers 
Soc Psychol 1985; 48:1316–1327

17. Ambrogi Lorenzini CG, Baldi E, Bucherelli C, Sacchetti B, Tas-
soni G: Neural topography and chronology of memory consoli-
dation: a review of functional inactivation fi ndings. Neurobiol 
Learn Mem 1999; 71:1–18

18. Ambrogi Lorenzini CG, Baldi E, Bucherelli C, Sacchetti B, Tas-
soni G: Role of ventral hippocampus in acquisition, consolida-
tion and retrieval of rat’s passive avoidance response memory 
trace. Brain Res 1997; 768:242–248

19. Schoenbaum G, Roesch M: Orbitofrontal cortex, associative 
learning, and expectancies. Neuron 2005; 47:633–636

20. Schoenbaum G, Chiba AA, Gallagher M: Changes in functional 
connectivity in orbitofrontal cortex and basolateral amyg-
dala during learning and reversal training. J Neurosci 2000; 
20:5179–5189

21. Gallagher M, McMahan RW, Schoenbaum G: Orbitofrontal cor-
tex and representation of incentive value in associative learn-
ing. J Neurosci 1999; 19:6610–6614

22. Kosson DS, Budhani S, Nakic M, Chen G, Saad ZS, Vythilingam 
M, Pine DS, Blair RJ: The role of the amygdala and rostral ante-
rior cingulate in encoding expected outcomes during learning. 
Neuroimage 2006; 29:1161–1172

23. Roesch MR, Singh T, Brown PL, Mullins SE, Schoenbaum G: 
Ventral striatal neurons encode the value of the chosen action 
in rats deciding between differently delayed or sized rewards. 
J Neurosci 2009; 29:13365–13376

24. Blair KS, Marsh AA, Morton J, Vythilingam M, Jones M, Mondillo 
K, Pine DC, Drevets WC, Blair JR: Choosing the lesser of two 
evils, the better of two goods: specifying the roles of ventro-
medial prefrontal cortex and dorsal anterior cingulate cortex 
in object choice. J Neurosci 2006; 26:11379–11386

25. Kim H, Shimojo S, O’Doherty JP: Is avoiding an aversive out-
come rewarding? neural substrates of avoidance learning in 
the human brain. PLoS Biol 2006; July 4(8):e233

26. O’Doherty JP, Buchanan TW, Seymour B, Dolan RJ: Predictive 
neural coding of reward preference involves dissociable re-
sponses in human ventral midbrain and ventral striatum. Neu-
ron 2006; 49:157–166

27. Haruno M, Kawato M: Different neural correlates of reward 
expectation and reward expectation error in the putamen and 



FINGER, MARSH, BLAIR, ET AL.

AJP in Advance  ajp.psychiatryonline.org 11

55. Glenn AL, Raine A, Schug RA: The neural correlates of moral 
decision-making in psychopathy. Mol Psychiatry 2008; 14:5–6

56. Glenn AL, Raine A, Yaralian PS, Yang Y: Increased volume of 
the striatum in psychopathic individuals. Biol Psychiatry 2010; 
67:52–58

57. Buckholtz JW, Treadway MT, Cowan RL, Woodward ND, Ben-
ning SD, Li R, Ansari MS, Baldwin RM, Schwartzman AN, 
Shelby ES, Smith CE, Cole D, Kessler RM, Zald DH: Mesolimbic 
dopamine reward system hypersensitivity in individuals with 
psychopathic traits. Nat Neurosci 2010; 13:419–421

58. Botvinick MM, Cohen JD, Carter CS: Confl ict monitoring and 
anterior cingulate cortex: an update. Trends Cogn Sci 2004; 
8:539–546

59. Holroyd CB, Coles MG: Dorsal anterior cingulate cortex inte-
grates reinforcement history to guide voluntary behavior. Cor-
tex 2008; 44:548–559

60. Rushworth MF, Behrens TE, Rudebeck PH, Walton ME: Con-
trasting roles for cingulate and orbitofrontal cortex in decisions 
and social behaviour. Trends Cogn Sci 2007; 11:168–176

61. Finger EC, Marsh AA, Buzas B, Kamel N, Rhodes R, Vythiling-
ham M, Pine DS, Goldman D, Blair JR: The impact of tryptophan 
depletion and 5-HTTLPR genotype on passive avoidance and 
response reversal instrumental learning tasks. Neuropsycho-
pharmacology 2007; 32:206–215

62. Hasler G, Mondillo K, Drevets WC, Blair JR: Impairments of 
probabilistic response reversal and passive avoidance follow-
ing catecholamine depletion. Neuropsychopharmacology 
2009; 34:2691–2698

63. Roesch MR, Calu DJ, Esber GR, Schoenbaum G: Neural corre-
lates of variations in event processing during learning in baso-
lateral amygdala. J Neurosci 2010; 30:2464–2471

47. Birbaumer N, Veit R, Lotze M, Erb M, Hermann C, Grodd W, 
Flor H: Defi cient fear conditioning in psychopathy: a functional 
magnetic resonance imaging study. Arch Gen Psychiatry 2005; 
62:799–805

48. Rilling JK, Glenn AL, Jairam MR, Pagnoni G, Goldsmith DR, 
Elfenbein HA, Lilienfeld SO: Neural correlates of social cooper-
ation and non-cooperation as a function of psychopathy. Biol 
Psychiatry 2007; 61:1260–1271

49. Rubia K, Smith AB, Halari R, Matsukura F, Mohammad M, 
 Taylor E, Brammer MJ: Disorder-specifi c dissociation of orbito-
frontal dysfunction in boys with pure conduct disorder during 
reward and ventrolateral prefrontal dysfunction in boys with 
pure ADHD during sustained attention. Am J Psychiatry 2009; 
166:83–94

50. Blair RJR: Neuro-cognitive models of aggression, the antisocial 
personality disorders and psychopathy. J Neurol Neurosurg 
Psychiatry 2001; 71:727–731

51. Kiehl KA: A cognitive neuroscience perspective on psychopa-
thy: evidence for paralimbic system dysfunction. Psychiatry 
Res 2006; 142:107–128

52. O’Doherty J, Dayan P, Schultz J, Deichmann R, Friston K, Dolan 
RJ: Dissociable roles of ventral and dorsal striatum in instru-
mental conditioning. Science 2004; 304:452–454

53. Dolan MC, Fullam RS: Psychopathy and functional magnetic 
resonance imaging blood oxygenation level-dependent re-
sponses to emotional faces in violent patients with schizophre-
nia. Biol Psychiatry 2009; 66:570–577

54. Kiehl KA, Smith AM, Hare RD, Mendrek A, Forster BB, Brink 
J, Liddle PF: Limbic abnormalities in affective processing by 
criminal psychopaths as revealed by functional magnetic reso-
nance imaging. Biol Psychiatry 2001; 50:677–684



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


